Bilateral phrenic nerve palsies resulting from topical hypothermia used for myocardial preservation are rare but important complications of open heart surgery I and appear to be commoner in diabetics, 2 perhaps due to microvascular disease affecting the vasa nervorum in this condition. We present a patient with unrecognised bilateral phrenic nerve palsies occurring after coronary artery bypass surgery in an insulin-dependent diabetic, resulting in respiratory failure and cor pulmonale within one month of surgery. Ventilatory support followed by nocturnal nasal CP AP was required. Complete recovery followed within two years.
CASE REPORT A 57-year-old female diabetic was admitted to the Respiratory Intensive Care Unit (lCU) in type 2 respiratory failure with features of cor pulmonale two weeks after being discharged following coronary artery bypass surgery.
Surgery was performed because of angina and a strongly positive effort tolerance test which occurred five months after an acute anterior myocardial infarction. The patient had a history of diabetes for twenty years, and had been insulindependent for four years. She had a 21.5 pack year history of smoking. No features of autonomic neuropathy were evident on detailed neurological examination. Preoperative cardiac catheterization demonstrated severe triple vessel coronary artery disease, an elevated LVEDP of 33 mmHg and anterior and septal hypokinesia on ventricular angiography. Preoperative lung function showed a forced expiratory volume in one second (FEV,) of 1590 ml (predicted 2080 ml) and forced vital capacity (FVC) of 2610 ml (predicted 2650 ml) with no significant reversibility after bronchodilatation, and a FEV,/FVC ratio of79%. The chest radiograph was normal.
She underwent saphenous vein grafting to the left anterior descending artery and its diagonal branch, and to the posterior descending artery. The aortic cross clamp time was 66 minutes. Myocardial protection was provided by core cooling to 2YC, cold cardioplegic arrest using St. Thomas solution number 2 every 20 minutes, and intermittent topical hypothermia with iced saline slush. The right pleura was opened intraoperatively.
The patient was ventilated postoperatively but extubated one day later. Bilateral pulmonary atelectasis in the ICU was treated with intermittent positive end-expiratory pressure (PEEP) administered via a Bird ventilator and chest physiotherapy. She was discharged 15 days after surgery on captopril, atenolol, acetyl salicylic acid, dipyridamole, amiloride and daily subcutaneous insulin. After discharge she became increasingly dyspnoeic especially when lying flat, and two weeks later became drowsy and was brought to the Emergency Unit. Examination showed her to be stuporose and cyanosed with marked pedal oedema. Blood pressure and heart rate were normal, jugular venous pressure was elevated 3 cm and she had warm peripheries. Dullness to chest percussion and decreased breath sounds of the mid and lower zones bilaterally were noted. Chest radiograph confirmed bilateral basal and right middle lobe atelectasis and cardiomegaly ( Figure  1 ). Blood gas values were as follows: pH 7.27, P a o 2 6.5 kPa, PaC02 9.9 kPa, standard bicarbonate 28.6 mmolll. Diaphragmatic paralysis was suspected from the paradoxical abdominal respiration, and confirmed by fluoroscopic screening of the diaphragms which showed a complete paralysis of the left hemidiaphragm and only minimal movement of the right diaphragm posteriorly. The patient was intubated and ventilated for four days with synchronized intermittent mandatory ventilation (SIMV). Initial measurements of vital capacity (VC) at the time of ventilation were 600 ml sitting and 400 ml lying flat. Maximum inspiratory pressures (Pimax) were markedly reduced both on sitting (-18 cm H 2 0) and supine (-14 cm H 2 0) whereas her maximum expiratory pressure (Pemax) was normal (Table 1) . Following extubation she was nursed in a sitting position with continuous positive airways pressure (CPAP) for 24 hours. However, because of concern about nocturnal hypoventilation and her desire to lie flat, the use of an Emerson negative pressure ventilator was then attempted. Although this apparatus provided adequate alveolar ventilation, it was poorly tolerated because of poor synchrony between the ventilator and the patient's own breathing pattern during sleep. Subsequent management with nasal CP AP at night and FIGURE I.-Chest radiographs of patient on readmission to hospital one month after cardiac surgery showing cardiomegaly, elevated diaphragms, plate atelectasis and loss of clarity of diaphragmatic outline. intermittently during the day was successful. She was taught to sleep in a sitting position. After 15 days in the ICU she was discharged to a ward where she was further mobilised and given intermittent CPAP. Nine days later when it was established by continuous pulse oximeter readings that no significant dips in peripheral oxygen saturation were occurring during sleep, she was discharged home. Five weeks after surgery, transcutaneous phrenic nerve stimulation in the neck using the method described by Newsom Davis 3 failed to produce a detectable diaphragmatic response on either the left or right.
At home she continued to improve slowly and after three months became aware that she could again sleep flat without orthopnoea. Two years after the operation her chest radiograph ( Figure 2 ) and pulmonary function tests had returned to preoperative levels (Table 1) . Repeat phrenic nerve conduction studies confirmed that the phrenic nerve latencies had returned to normal (left phrenic nerve 7.6 msec and right 7.8 msec). On medications of subcutaneous insulin and 150 mg acetyl salicylic acid per day she was capable of normal activities.
DISCUSSION
Basal atelectasis and diaphragmatic elevation is common after cardiac surgery, although in only a minority of cases is this due to phrenic nerve damage. 4 . 5 Unilateral and more rarely bilateral phrenic nerve paralysis has become increasingly recognised as a complication of cardiac surgery in both adults 1,2.6. 7 and children. 8 The incidence of bilateral diaphragmatic paralysis following cardiac surgery with topical hypothermia was found by Efthimiou et af. 2 to be approximately 1: 185, and is higher when the internal mammary artery is harvested. 10,1 I
The aetiology of the phrenic nerve paralysis is usually attributed to cold-induced axonal damage resulting from the use of topical iced saline. I ,9,1O The inadvertent opening of the right pleura in our case may have increased the risk to the right phrenic nerve. An additional risk factor as suggested by Efthimiou et al. is diabetes mellitus, particularly when associated with peripheral neuropathy.2 In their series of four patients with bilateral phrenic nerve palsies, three were diabetic but no comparative statistics of incidence in diabetics were presented. One of two cases of bilateral diaphragmatic paralysis reported by Kohorst et al. was also in a diabetic patient. 6 Our report provides further evidence in favour of this association, although further studies are required.
The diagnosis of bilateral phrenic nerve palsy following cardiac surgery is suggested by a history of postural orthopnoea, paradoxical movements of the abdomen during breathing, and by a 30 to 50% reduction in vital capacity on assuming the supine position. It should be considered when patients unexpectedly fail to wean from the ventilator, and when atelectasis fails to improve on standard treatment. Confirmation may be obtained by fluoroscopic screening of the diaphragms for paradoxical movement while breathing spontaneously, by measurement of phrenic nerve latencies with transcutaneous stimulation, and by transdiaphragmatic pressure studies. 12 Bilateral phrenic nerve damage following cardiac surgery is associated with increased morbidity, mortality and hospital stay.I,2,6,7,13 In the majority of cases the phrenic nerves recover from 4 to 27 months after surgery.2,11 Treatment has included conventional intermittent positive pressure ventilation (IPPY),7,14 nocturnal IPPY by nasal mask, 2 the use of a rocking bed, II and diaphragmatic plication to facilitate weaning from Anaesthesia and Intensive Care. Vol. 20, No. 4, November, 1992 the ventilator in children. 14 The poncho wrap Emerson negative pressure ventilator has been used successfully to treat patients with degenerative neuromuscular disease. 15 It is bulky, noisy, uncomfortable, and cannot be adjusted to synchronize with the patient's ventilation. Our patient was uncomfortable on this apparatus particularly when she attempted to sleep, but tolerated nasal CP AP well.
This case report highlights the importance of recognising that bilateral phrenic nerve palsies can occur as a rare complication of cardiac surgery. Our patient was a known diabetic and the literature suggests that this condition is more common in diabetics. Measures to prevent the cold-induced phrenic nerve injury that is believed to be responsible for the paralysis include the use of a pericardial insulation pad to isolate the left phrenic nerve from the ice slush saline, and the abandonment of iced slush saline in favour of cooled saline for topical hypothermia. 16 ,17 We suggest that these precautions might be particularly important in patients with insulin-dependent diabetes mellitus, and possibly more so if they have evidence of a peripheral neuropathy.
